Chemotherapy-induced peripheral neuropathic pain (CIPNP) is a severe dose-and therapy-limiting side effect of widely used cytostatics that is particularly difficult to treat. Here, we report increased expression of the cytochrome-P 450 -epoxygenase CYP2J6 and increased concentrations of its linoleic acid metabolite 9,10-EpOME (9,10-epoxy-12Z-octadecenoic acid) in dorsal root ganglia (DRGs) of paclitaxeltreated mice as a model of CIPNP. The lipid sensitizes TRPV1 ion channels in primary sensory neurons and causes increased frequency of spontaneous excitatory postsynaptic currents in spinal cord nociceptive neurons, increased CGRP release from sciatic nerves and DRGs, and a reduction in mechanical and thermal pain hypersensitivity. In a drug repurposing screen targeting CYP2J2, the human ortholog of murine CYP2J6, we identified telmisartan, a widely used angiotensin II receptor antagonist, as a potent inhibitor. In a translational approach, administration of telmisartan reduces EpOME concentrations in DRGs and in plasma and reverses mechanical hypersensitivity in paclitaxeltreated mice. We therefore suggest inhibition of CYP2J isoforms with telmisartan as a treatment option for paclitaxel-induced neuropathic pain.
Chemotherapy-induced peripheral neuropathic pain (CIPNP) is a severe dose-and therapy-limiting side effect of widely used cytostatics that is particularly difficult to treat. Here, we report increased expression of the cytochrome-P 450 -epoxygenase CYP2J6 and increased concentrations of its linoleic acid metabolite 9,10-EpOME (9,10-epoxy-12Z-octadecenoic acid) in dorsal root ganglia (DRGs) of paclitaxeltreated mice as a model of CIPNP. The lipid sensitizes TRPV1 ion channels in primary sensory neurons and causes increased frequency of spontaneous excitatory postsynaptic currents in spinal cord nociceptive neurons, increased CGRP release from sciatic nerves and DRGs, and a reduction in mechanical and thermal pain hypersensitivity. In a drug repurposing screen targeting CYP2J2, the human ortholog of murine CYP2J6, we identified telmisartan, a widely used angiotensin II receptor antagonist, as a potent inhibitor. In a translational approach, administration of telmisartan reduces EpOME concentrations in DRGs and in plasma and reverses mechanical hypersensitivity in paclitaxeltreated mice. We therefore suggest inhibition of CYP2J isoforms with telmisartan as a treatment option for paclitaxel-induced neuropathic pain.
chemotherapy-induced neuropathy | neuropathic pain | TRPV1 | telmisartan | oxidized lipids R ecent studies identified members of the transient receptor potential-family of ion channels (TRPV1, TRPA1, and TRPV4) as contributors to both mechanical and cold allodynia during oxaliplatin and paclitaxel-induced neuropathy (1) (2) (3) (4) (5) . Activation or sensitization of TRPV1 and TRPA1 can lead to enhanced release of CGRP and substance P, both of which can cause neurogenic inflammation and recruitment of T cells (6, 7) . However, it remains unclear which endogenous mediators are involved in paclitaxel-dependent activation or sensitization of TRP channels, as paclitaxel cannot directly activate TRP channels (4, 5, 8) . Interestingly, paclitaxel is an inducer of some Cytochrome-P 450 epoxygenases (e.g., CYP2C8, CYP2C9) (9) . CYP epoxygenases can metabolize ω-6 fatty acids, such as arachidonic acid (AA) and linoleic acid (LA), generating either lipid epoxides such as EETs (epoxyeicosatrienoid acids) or ω-hydroxides such as 20-hydroxyeicosatetraenoic acid (20-HETE) (10, 11) .
Although therapeutic alternatives exist, paclitaxel is still the preferred first line of therapy for metastatic breast cancer (12) , causing severe CIPNP in many treated patients. Here, we performed liquid chromatography-tandem mass spectrometry (LC-MS/MS)-based lipid profiling of sciatic nerve, dorsal root ganglion (DRG), and dorsal horn tissue from paclitaxel-treated mice.
We identified 9,10-EpOME (9,10-epoxy-12Z-octadecenoic acid), a CYP metabolite of LA, to be strongly synthesized in DRGs 24 h and 8 d after paclitaxel injection in mice. 9,10-EpOME is capable of sensitizing TRPV1 at submicromolar concentrations via a cAMP-PKA-dependent mechanism, causing enhanced frequency of spontaneous excitatory postsynaptic currents (sEPSCs) in lamina II neurons of the spinal cord, and sensitizes the release of TRPV1-dependent CGRP from isolated sciatic nerves and DRG cultures. Moreover, intrathecal and intraplantar injection of 9,10-EpOME causes a reduction of the mechanical thresholds of wild-type mice. We find a strong up-regulation of CYP2J6, the murine ortholog of human CYP2J2, in DRGs 8 d after paclitaxel injection that correlates with the EpOME levels. In a substance screen containing more than 600 approved substances, we identified different compounds that block CYP2J6 and human CYP2J2 and cause amelioration of paclitaxel-induced CIPNP in mice.
Results
Lipid Synthesis and CYP Expression During Paclitaxel-Induced Neuropathic Pain. To investigate paclitaxel-induced neuropathic pain (PIPN), we used a high dose (HD, 1 × 6 mg·kg ) (2, 13). We monitored the mechanical thresholds of paclitaxel-treated animals and observed a strong mechanical hypersensitivity in paclitaxel-treated mice ( Fig. 1 A and B) that did not differ between Significance Chemotherapy-induced peripheral neuropathic pain (CIPNP) is a severe side effect that affects up to 80% of patients during cancer treatment. Pharmacological treatment options are poor, as CIPNP differs mechanistically from other chronic pain states. Here, we describe a mechanism by which pronociceptive oxidized lipid mediators are generated by the cytochrome P 450 -epoxygenase CYP2J2 in sensory neurons during CIPNP. Blocking the synthesis of these oxidized lipids with telmisartan, which we identified as a potent CYP2J2 inhibitor in a large drug repurposing screen, caused a robust reduction of paclitaxel-induced pain in mice in vivo. We therefore consider targeting CYP2J2 with telmisartan as a treatment option for chemotherapy-induced peripheral neuropathic pain in patients.
male and female mice (SI Appendix, Fig. S1A ). However, we could not observe any cold allodynia in paclitaxel-treated mice (SI Appendix, Fig. S2 ). We dissected sciatic nerves, DRGs, and the spinal dorsal horn 8 d postinjection. In a directed lipidomic approach, we measured concentrations of oxidized lipid metabolites of the eicosanoid and LA pathway using LC-MS/MS (Fig.  1G ) and observed increased concentrations of the oxidized LA metabolite 9,10-EpOME in DRGs in both models ( Fig. 1 C and  D) . There was no difference in 9,10-EpOME concentrations between male and female mice (SI Appendix, S1 B and C). Most interestingly, no other lipids, such as prostanoids or HETEs, were found to be elevated in DRGs in both models ( Fig. 1G and SI Appendix, Table S1 ). Notably, the concentrations of endocannabinoids and endovanilloids in lumbal DRGs and the dorsal spinal cord showed no difference in vehicle versus high-dose paclitaxel-treated mice 8 d after treatment (SI Appendix, Fig. S3 and Table S1D ). We then investigated expression of the corresponding synthesizing lipid oxygenases of this pathway (COX-2, LOX, CYP2C, and CYP2J isoforms) (14) in DRGs and observed an increase in CYP2J6 transcripts in DRGs of paclitaxel-treated mice in both models, respectively ( Fig. 1 E and F) . Accordingly, no other lipid oxygenases showed an increased expression. Reactive oxygen species (ROS) are known mediators that may also contribute to neuropathic pain. Apart from lipid oxygenases (COX, LOX, and CYP), there are other enzymatic sources of ROS (15) . To increase the spectrum of potential ROS-producing enzymes in our study (16) , we additionally investigated expression of NADPHoxidases 2 and 4 (NOX-2 and NOX-4) as well as inducible nitric oxide synthase (iNOS) and xanthine-oxidase (XO) in the DRGs of mice 8 d after paclitaxel injection. However, we could not detect any differences in their expression compared with vehicle-treated mice (SI Appendix, Fig. S4 ). Increased concentrations of 9,10-EpOME were already observed 24 h post-paclitaxel injection in DRGs of paclitaxel-but not zymosan-treated mice as controls (SI Appendix, Fig. S5 A-E). To identify the cellular origin of 9,10-EpOME, both neuronal and glial cultures were stimulated with LA (1 μM). We observed that both neurons and glia synthesize 9,10-EpOME, however the concentrations in neuronal cultures were significantly higher than in glial cultures (SI Appendix, Fig. S6A ). 9,10-EpOME is stable for at least 6 h in any buffer used in this study (SI Appendix, Fig. S6 B and C).
9,10-EpOME Sensitizes TRPV1 but Not TRPA1, TRPV4, or TRPM8 in Sensory Neurons. We hypothesized that 9,10-EpOME may contribute to PIPN and characterized the effects of 9,10-EpOME on primary sensory neurons. A brief exposure to 10 μM 9,10-EpOME caused calcium influx in 10.3% of DRG neurons that could be blocked with the TRPV1 antagonist AMG9810 (1 μM) but not the TRPA1 antagonist HC-030031 (20 μM) (SI Appendix, Fig. S7 ). Next, we set out to test whether 9,10-EpoME can sensitize TRPV1. Indeed, 9,10-EpOME was capable of sensitizing TRPV1-dependent calcium influx ( Fig. 2 A-I) . A concentration response analysis using 9,10-EpOME concentrations from 250 nM to 2 μM revealed a concentration-dependent increase in TRPV1 sensitization. However, mustard oil-dependent TRPA1 responses, GSK1016790A-dependent TRPV4 responses, or menthol-dependent TRPM8 responses could not be sensitized by 9,10-EpOME (1 μM) (Fig. 2J ).
9,10-EpOME Potentiates TRPV1-Dependent sEPSCs and iCGRP Release from Sensory Neurons via PKA. We examined the effects of 9,10-EpOME in excitatory synaptic transmission in a spinal cord nociceptive circuit. Using patch clamp recordings in spinal cord slices, we measured sEPSCs from outer lamina II (lamina IIo) neurons, as these neurons receive input from TRPV1-expressing primary afferents (17). 9,10-EpOME (1 μM) alone slightly increased the frequency of sEPSCs in IIo neurons. Furthermore, 9,10-EpOME potentiated capsaicin-induced enhancement of sEPSC frequency ( Fig. 3 A and B) . Again, our data suggest that 9,10-EpOME also sensitizes TRPV1 in spinal cord central terminals of primary afferents. However, no difference in the amplitude of sEPSCs could be observed with either 9,10-EpOME, capsaicin, or the combination of both substances (Fig. 3C ), suggesting a possible presynaptic effect of 9,10-EpOME.
Next, sciatic nerves from wild-type BL/6N mice were incubated with 9,10-EpOME alone (1 μM) or together with capsaicin (400 nM), and iCGRP release was measured. We observed a strong increase of immunoreactive CGRP (iCGRP) release with costimulation of capsaicin and 9,10-EpOME (Fig. 3E ), which could be confirmed in DRG cultures. Because TRPV1 sensitization can be mediated by PKA or PKC (18, 19) , we investigated the contribution of these two kinases to EpOME-induced TRPV1 sensitization and observed a reduction of iCGRP release by the PKA inhibitor H89 but not by the Table S1 and represent means ± SEM from three to five mice per group. *P < 0.05, **P < 0.01, oneway ANOVA. Structures were obtained from lipidmaps.org. PKC inhibitor GFX (Fig. 3F) . Similarly, 9,10-EpOME-induced TRPV1 sensitization, as revealed in calcium imaging, could be reduced by preincubation with H89 but not with GFX (SI Appendix, Fig. S8 ), thus pointing toward PKA-but not PKC-mediated TRPV1 sensitization and subsequent iCGRP release by 9,10-EPOME. We also observed a significant increase in cAMP concentrations and increased GTPγS binding after treatment of DRG cultures with 9,10-EpOME.
Injection of 9,10-EpOME Causes Mechanical and Thermal Pain. To determine whether 9,10-EpOME is sufficient to induce pain hypersensitivity in vivo, we injected the lipid in the hind paws of wild-type BL/6N mice and measured the thermal (Fig. 4A ) and mechanical thresholds (Fig. 4B ) for 5 h postinjection. These experiments were performed in different groups of animals. 9,10-EpOME caused significant reductions of pain thresholds lasting 1 h (thermal) or 2 h (mechanical) after injection. These effects could not be observed after injection of 9,10-EpOME into the hind paw of TRPV1-deficient mice (Fig. 4 C and D) . To investigate whether TRPV1 is generally involved in paclitaxel-induced mechanical hypersensitivity, we assessed the mechanical thresholds of TRPV1-deficient mice after HD paclitaxel treatment and observed a reduced mechanical hypersensitivity of TRPV1-deficient mice compared with wild-type mice in response to paclitaxel (Fig. 4E ).
Inhibiting CYP2J2 with Telmisartan Reduces 9,10-EpOME Production as Well as Mechanical and Thermal Hypersensitivity During PIPN.
Next, we investigated whether a reduction of CYP2J activity may lead to reduced synthesis of 9,10-EpOME in DRGs. A wellknown inhibitor of CYP2J is terfenadine, however this drug causes QT prolongation and was therefore withdrawn from the market (20) . Thus, it cannot be repurposed for new indications.
To identify other inhibitors of CYP2J, we performed a large compound screen on CYP2J2-expressing supersomes (21-23) with 615 already pharmacologically well-characterized substances and identified, among other substances, the angiotensin-II receptor antagonist telmisartan being a potent inhibitor of CYP2J2 ( Fig. 5 A and B and SI Appendix, Figs. S9 and S10 and Table S3 ).
To exclude that telmisartan has any direct effect on TRP channels, we investigated the effects of telmisartan on TRPV1, TRPA1, and TRPV4 in both calcium-imaging experiments and electrophysiological measurements. Telmisartan (10 μM) did not have any influence on calcium transients or inward currents of TRPV1, TRPA1, or TRPV4 (SI Appendix, Fig. S11 ). Telmisartan and terfenadine, but not their control substances from the same pharmacological group, olmesartan or loratadine (which share the same pharmacological mechanism but do not inhibit CYP2J2), were capable of reducing 9,10-EpOME levels in vitro using transfected HEK-293 cells that were stimulated with LA to trigger EpOME production (SI Appendix, Fig. S12 ). In vivo, the four test substances were injected 8 d after paclitaxel treatment of mice. Two hours after injection of the substances, we isolated sciatic nerves, DRGs, and dorsal spinal cord and sensitively measured various oxidized lipids with LC-MS/MS. We observed a significant reduction of 9,10-EpOME concentrations in DRGs and plasma after treatment with terfenadine or telmisartan but not with olmesartan or loratadine (Fig. 5 B and C and SI Appendix, Table S2 ).
Next, we tested the substances in behavioral tests during PIPN. We observed that both compounds terfenadine (1 and 2 mg·kg , and Menthol (abbreviated men, activates TRPM8, 100 μM, 30 s). Data represent the means ± SEM from n = 19-51 neurons; n.s., not significant; *P < 0.05, **P < 0.01, ***P < 0.001, oneway ANOVA. ,10-EpOME (1 μM), and second capsaicin (1 μM) plus 9,10-EpOME, respectively. (B) sEPSC frequency and amplitude (C) compared with sEPSC baseline, *P < 0.05, compared with no treatment baseline; # P < 0.05, compared with the first capsaicin treatment (1 μM); n = 5 neurons per group. (D) iCGRP release from sciatic nerves stimulated for 5 min with synthetic intestinal fluid (SIF) ± EpOME (1 μM) ± capsaicin (400 nM) or vehicle. Data represent means ± SEM from six individual sciatic nerves. (E) Release of iCGRP from DRG cultures stimulated with HBSS ± 9,10-EpOME (1 μM) ± capsaicin (400 nM) ± H89 (PKA inhibitor) (20 μM) or GFX (PKC inhibitor) (1 μM) for 15 min. Data represent means ± SEM of DRG cultures from six to eight mice; n.s., not significant; # P < 0.05, *P < 0.05, ## P < 0.05, **P < 0.01, ***P < 0.001, one-way ANOVA.
substances reduced mechanical hypersensitivity in paclitaxel-treated mice ( Fig. 6 A and B) . Moreover, we observed that telmisartan alleviated paclitaxel-induced thermal hypersensitivity (Fig. 6C ). Telmisartan and olmesartan similarly reduced blood pressure in mice, however only telmisartan showed a strong antihyperalgesic effect at 10 mg·kg ) during paclitaxel treatment caused a robust reduction of mechanical hypersensitivity in paclitaxel-treated mice (Fig. 6C) . A comparison of telmisartan (5 mg·kg −1 ) and duloxetine (10 mg·kg −1 ), which is currently the only substance with some clinical efficacy in reducing CIPNP in a clinical trial (24) , showed that telmisartan caused a significant reduction of mechanical hypersensitivity. This effect was stronger in telmisartan-than in duloxetine-treated mice at the indicated doses (Fig. 6D) . Duloxetine treatment had no effect on LA metabolite concentrations in sciatic nerves or DRGs (SI Appendix, Fig. S14 ).
Discussion
In summary, we identified CYP2J6 (human CYP2J2) as a target in PIPN. According to previous reports, CYP2J2 is strongly expressed in human brain tissue (25) , which indicates that CYP2J2 is a CYP isoform that is preferably expressed in neuronal tissues. Fittingly, CYP2J4, the rat ortholog of human CYP2J2, is expressed in TRPV1-positive sensory neurons of the trigeminal ganglia (26) . Generally, murine CYP2J6 and human CYP2J2 are highly expressed in extrahepatic tissues, such as heart, lung, small intestine, and duodenum (27, 28) . This wide distribution of CYP2J isoforms in various tissues indicates that, apart from its drugmetabolizing activity, CYP2J2 has other crucial physiological functions in nonhepatic tissues and points toward a contribution to other pathophysiological pain states.
We showed that enhanced CYP epoxygenase activity is induced by paclitaxel in DRGs, causing synthesis of 9,10-EpOME. Indeed, increased activity of CYP epoxygenases has already been correlated with painful PIPN in patients (29) .
Other oxidized linoleic acid metabolites (OLAMs), such as 9-and 13-HODE, have already been shown to be direct TRPV1 agonists and contribute to inflammatory hyperalgesia (30) . However, we did not observe any differences in HODE concentrations between paclitaxel-and vehicle-treated mice. Moreover, concentrations of lipids from the LOX and COX-2 pathway, which have previously been identified as modulators of TRP channels in various pain models (31-33), were not increased during PIPN. Previous reports suggest a role for CYP and LOX metabolites in NGFdependent thermal and mechanical nociception, and inhibition of CYP and LOX enzymes with the unspecific inhibitor NDGA may reduce NGF-dependent hypersensitivity (34) . However, in our study, the concentrations of LOX products, such as HETEs, were either not changed or even decreased in DRGs and the spinal cord during PIPN. These results imply an entirely different mechanism of oxidized lipid synthesis during PIPN, compared with inflammatory pain or NGF-dependent hypersensitivity in DRGs and the spinal cord, and point out the significance of the CYP pathway during PIPN.
Chemotherapy-induced neuropathic pain and subsequent sensory dysfunctions still remain the most severe side effects of cytostatics (35) . Especially during paclitaxel treatment, an early acute pain syndrome can be observed that seems to be mediated by sensitization of nociceptive neurons (36) . However, there is no information available on endogenous mediators that may contribute to this pathophysiological state. According to our data, 9,10-EpOME-dependent TRPV1 sensitization and increased activity of nociceptive neurons may thus contribute to paclitaxel acute pain syndrome.
Recently, promising results were reported with an angiotensin (AT2) antagonist in a phase 2 study with patients suffering from postherpetic neuralgia (37) . However, telmisartan targets a different angiotensin receptor (AT1), and control experiments with olmesartan suggest that this mechanism is not responsible for the antihyperalgesic effects of telmisartan. Fig. 4 . 9,10-EpOME causes mechanical and thermal pain in vivo. C57BL/6N mice received an intraplantar injection of 10 μL 9,10-EpOME (5 μM, gray) or vehicle [DMSO/saline 0.3% (vol/vol), black]. Thermal (A) or mechanical (B) thresholds were monitored. Data represent means ± SEM from six to eight mice. Wild-type BL/6N (gray) and TRPV1 −/− mice (black) were injected with 10 μL 9,10-EpOME Table S3 . (B) Dose-response analysis of terfenadine (black), telmisartan (dark gray), and olmesartan (light gray) (each 300 nM to 40 μM) on CYP2J2 activity, measured in triplicates on a 96-well plate. Concentrations of 9,10-EpOME in lumbar DRGs (C) and plasma (D) of wild-type mice that had received paclitaxel (6 mg·kg olmesartan for 2 h, summarized from SI Appendix, Table S2 . Data are shown as means from six mice per group. *P < 0.05, **P < 0.05, one-way ANOVA.
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Currently, there is a strong unmet medical need for CIPNP therapeutics. Paclitaxel is still the preferred first-line treatment for metastatic breast cancer (12, 38) . Treatment of patients with antioxidants or neuroprotective substances, such as amifostine or glutathione, failed to ameliorate CIPNP in large randomized and placebo-controlled clinical trials, and a recent Cochrane review concludes that there is currently no evidence for functional CIPNP therapy with these substances (39) . Moreover, antioxidants may interfere with the antineoplastic effects of cytostatics. Recently, it was reported that treatment with N-acetyl cysteine (NAC) and vitamin E increased lung tumor cell proliferation and tumor growth in mice by reducing DNA damage (40) . In this regard, CYP2J2 inhibitors may be superior over using antioxidants, as CYP2J2 inhibitors have been reported to even reduce cancer growth in vitro and in vivo by activating caspase-3, Bax, and Bcl-2 and by reducing tumor cell migration and adherence (41) . Thus, CYP2J2 inhibitors may have a dual role in reducing both cancer growth and taxane-induced CIPNP.
Methods
Animals and Ethical Approval. All procedures performed in studies involving animals were in accordance with the ethical standards of the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health (42) and were approved by the local Ethics Committees for Animal Research (Darmstadt) under permit no. F95/47.
For all behavioral experiments, we used only 6-12-wk-old C57BL/6N male and female mice purchased from commercial breeding companies (Charles River and Janvier). To compare mechanical thresholds, we used age-and sexmatched littermates as control.
A breeding pair of TRPV1-deficient mice were purchased from Jackson, and the animals were bred in the laboratory animal facility of the University Hospital of Goethe-University.
Paclitaxel Model of Chemotherapy-Induced Neuropathic Pain. Paclitaxel was solved in Cremophor EL/Ethanol 1:1 and diluted in saline. The dose for i.p. injection was set to 6 mg·kg −1 for the HD model or 2 mg·kg −1 for the multiple LDM, as described previously (2, 13).
Behavioral Tests. Behavioral tests were performed as described previously (43) . Briefly, for the assessment of the mechanical thresholds, the steel rod was pushed against the midplantar hind paw with linear ascending force (0-5 g over 10 s, increasing 0.5 g/s) until a fast withdrawal response occurred. For determination of thermal thresholds, the midplantar region of the paws was stimulated with a radiant heat device, consisting of a high-intensity projector lamp, until withdrawal occurred.
Blood Pressure Measurement. For blood pressure measurements, mice were habituated to the IITC Life Science tail cuff apparatus (IITC Life Sciences) for at least 5 d before actual measurements were performed. Mice were placed in the restrainer in the apparatus with the chamber temperature set to 34°C. Primary DRG Cultures. Primary DRGs were cultured as described previously (43, 44) . Briefly, murine DRGs were dissected from spinal segments and directly transferred to ice-cold HBSS with CaCl 2 and MgCl 2 , incubated with collagenase/dispase (500 U/mL Collagenase; 2.5 U/mL Dispase), washed twice with neurobasal medium containing 10% (vol/vol) FCS, and incubated for 10 min with 0.05% trypsin (Invitrogen). Finally, the neurons were plated on poly-L-lysine-(Sigma) coated glass coverslips and incubated with neurobasal medium containing L-glutamine (2 mM) penicillin (100 U/mL), streptomycin (100 μg/mL), and B-27 and gentamicin (50 μg/mL) over night until assessment by calcium imaging.
Calcium-Imaging Experiments. Calcium-imaging experiments were performed using DRG neurons 24-48 h after preparation. Cells were loaded with 5 μM Fura-2-AM-ester (Biotium) and incubated for 30-60 min at 37°C. Then, the cells were washed with standard external solution [containing in mM: NaCl (145), CaCl 2 (1.25), MgCl 2 (1), KCl (5), D-glucose (10) , and Hepes (10), adjusted to pH 7.3]. Baseline measurements were performed in external solution at a flow rate of 1-2 mL/min. Calcium-free solutions were generated by removal of CaCl 2 and addition of EGTA (2 mM) and osmotically controlled by increasing NaCl concentrations to 150 mM. Stock solutions of HC-030031, AITC, menthol, GSK1016790A (Sigma), AMG9810, H89-dihydrochloride, 8-bromocAMP, GF 109203X (all from Tocris), and NGF (Merck Millipore) were diluted in external solution to their final concentrations.
Patch-Clamp Recordings from Spinal Cord Slices. Patch-clamp recordings from spinal cord slices were performed as described previously (17) . Briefly, a portion of the lumbar spinal cord (L4-L5) was removed from mice (CD1, 5-7 wk old; Charles River Laboratories) under urethane anesthesia (1.5-2.0 g/kg, i.p.) and kept in preoxygenated ice-cold Krebs solution. Transverse slices (400-600 μm) were cut on a vibrating microslicer. After establishing the whole-cell configuration, neurons were held at their holding potentials at -70 mV for recording sEPSCs.
Quantitative Real-Time PCR. Lumbal DRGs were dissected from mice at indicated time points, and RNA was extracted using the mirVana miRNA Isolation Kit (Ambion, Life Technologies). Reverse transcription and real-time PCR were performed using the TaqMan system (Life Technologies) and evaluated with the ΔΔC(T) method as described previously (45) . For 5-LOX, 12-LOX, 15-LOX, COX-2, NOX-2, NOX-4, iNOS, and XO, assay primers for the TaqMan system (ThermoFisher) were used. The oligonucleotides that were used for expression analysis of CYP epoxygenases are depicted in SI Appendix, Table S4 .
Determination of Lipidomic Profiles by LC-MS/MS. Stock solutions with 2,500 ng/mL of the analytes 9,10-EpOME, 12,13-EpOME, 9,10-Dihydroxyoctadecenoic acid (DiHOME), 12,13-DiHOME, 5,6 EET, 8,9 EET, 11,12 EET, 14,15 EET, Leukotriene B 4 (LTB 4 ), 5-S-HETE, 12-S-HETE, and 15-S-HETE and the internal standards 9,10-EpOME-d4, 12,13-EpOME-d4, 9,10-DiHOME-d4, 12,13-DiHOME-d4, 5,6 EET-d11, 8,9 EET-d11, 11,12 EET-d8, 14,15 EET-d8, LTB 4 -d4, 5-S-HETE-d4, 12-S-HETE-d4, and 15-S-HETE-d4 were prepared in methanol. Working standards were obtained by further dilution with a concentration range of 0.1-250 ng/mL for all analytes. For prostanoids, stock solutions with 50,000 ng/mL of all analytes (PGE 2 , PGD 2 , 
